The objective of this study was to determine the relationship between drained shear strength and matric suction of compacted Khon Kaen loess. Khon Kaen loess in this study was compacted at 95% by modified method. This soil sample was investigated a soil water characteristic curve (SWCC) from the pressure plate test. Moreover the relationship between drained shear strength and matric suction was determined from the consolidated drained triaxial test (CD Test) under saturated and unsaturated condition. Three saturated specimens were tested to determine an effective friction angle (φ´) and an effective cohesion (c´). Another three unsaturated specimens were tested with various matric suction of 30, 180 and 280 kPa, respectively. The net confining pressures of these specimens were constant at 100 kPa. To determined drained shear strength at unsaturated condition, an effective friction angle (φ´) was assumed to be constant with a matric suction value. The SWCC of compacted Khon Kaen loess showed a bimodal curve. The first air-entry value and the first residual volumetric moisture content was 4 kPa and 20%, respectively. The results of saturated consolidated drained triaxial test (CD Test) presented that an effective friction angle (φ´) and an effective cohesion (c´) was 31 degree and 54 kPa, respectively. Moreover the unsaturated triaxial test showed a linear relationship between drained shear strength and matric suction with the φ b angle of 28 degree.
INTRODUCTION
The unsaturated soil has three phases which are solid, liquid and air. Therefore, the Terzaghi's effective stress law for saturated soil is not appropriate for unsaturated soil. Reference [1] Where τff is a shear stress at failure. c' is an effective apparent cohesion, which is the shear strength intercept when the effective stress is equal to zero. σf is total normal stress at failure. uaf is pore-air pressure at failure. uwf is pore-water pressure at failure. φ' is an effective angle of internal friction. And φ b is an angle indicating the rate of increase in shear strength relative to the soil suction at failure.
Reference [2] was investigated the shear strength parameters of unsaturated residual soils by consolidated drained test. This study found that the values of φ b are generally lower than φ′. Reference [3] was studied consolidated drained test on a residual soil, which was classified as CL according to USCS. This study found that the effective friction angle of 31.5 degree and a φ b of 29 degree before air entry value. After Air entry value the relationship between cohesion intercept (c) and matric suction was non-linear as shown in Figure 1 . 
BASIC PROPERTIES
The soil used in this study was Khon Kaen loess, which was classified as silty sand (SM) according to USCS. The basic properties of Khon Kaen loess were present in Table1. Percent passing sieve No. 4 and No.200 of this soil sample was 100% and 47%, respectively as shown in Fig.2 .
Moreover, a liquid limit and a plastic limit of this soil were 13% and of 12%, respectively, which gave the plastic index of 1%. The specific gravity was 2.65.
The maximum dry density and optimum moisture content were 2.06 t/m 3 and 8.5%, respectively, which was determined by standard compaction effort [4] . However, the specimen in this study was prepared at 95% of maximum dry density, which was 1.95 t/m 3 , and moisture content of 6.5%. 
SOIL WATER CHARACTERISTIC CURVE
The drying soil water characteristics curve (SWCC) for the compacted Khon Kaen loess was determined by two methods. According to [3] , the pressure plate method was used to establish SWCC for a suction values between 1 to 1,500 kPa. Moreover, SWCC at suctions above 1,500 kPa were determined from the isopiestic humidity method. In this method, three solutions, which were Copper Sulphate (CuSO4), Ammonium Chloride (NH4Cl) and Sodium Hydroxide (NaOH.H2O), were used to determine SWCC at a suction value of 3,900 kPa, 30,900 kPa, and 365,183 kPa, respectively. Data points above 1,500 kPa were total suction values.
The test result of a pressure plate and isopiestic humidity showed the soil water characteristic curve (SWCC) as illustrated in figure 3 . The soil sample was compacted at the dry side of optimum moisture content (6.5% or 95% of OMC). The SWCC of compacted Khon Kaen loess showed a bimodal curve, which indicated two distinct airentry values and two distinct residual points [6] . The first and second air entry value is 8 and 5,000 kPa, respectively. Moreover, the first and second residual volumetric moisture content are 10 and 2%, respectively. Therefore, the soil suction value of saturation regime and transition regime was between 0 to 8 kPa and 8 to 200 kPa, respectively. The soil suction, which was higher than 200 kPa, was a residual regime. According to [7] , the cause of bimodal curve might be a bimodal pore size distribution, which is However in this studied the grain size distribution is not gap-grain as shown in figure 2. Moreover the SWCC of the undisturbed sample showed a unimodal curve with two bending points as illustrated in figure 4 . Therefore the compaction on the dry side of optimum moisture content might be the cause of bimodal curve. However this study is not observed the structure of the sample.
CONSOLIDATED DRAINED TEST
Soil sample was mixed with water to achieve 1.95 t/m 3 in dry density and 6.5% of moisture content. Then soil sample was equally separated in two parts and statically compacted in a mold diameter of 50 mm and 100 mm of height.
Each samples were saturated by applied backpressure, which was lower than confining pressure (i.e. c σ′ = 20 kPa) prior to consolidate and drained shear. B-values were observed to be greater than 98% to complete saturation.
Three net confining pressures of 100, 200 and 300 kPa were investigated in this study. For the saturated series, three specimens were tested to determine the effective friction angle (φ′) and cohesion (c′). Pore air pressure (ua) and pore water pressure (uw) of these three samples were controlled at 20 kPa. For the unsaturated series, three samples were observed at net confining pressures of 100 kPa. Pore air pressures were controlled at 50, 200 and 300 kPa and pore water pressures were controlled at 20 kPa to achieve a matric suction of 30, 180 and 280 kPa as shown in Table 2 . The shear rate in this study for both saturated and unsaturated series was 0.01 mm per minute. The failure of both saturated and unsaturated sample showed a failure plane of 60 degree as shown in Fig.5 . For both saturated and unsaturated series, the stress-strain relationship showed the strain hardening behavior as illustrated in Fig.6 . Thus the failure was defined at 20% strain. The test result of saturated sample was present at Table   3 . Then the Mohr's Circle was drawn in Fig.7 . The Mohr's circle showed that the effective friction angle and cohesion was found as 31 degree and 44 kPa, respectively.
The drained shear strength of unsaturated soil was calculated by assumed constant φ′ (φ′ = 31 degree) as present in Fig.8 . The shear stress (τff) and the net stress (σnetf) at failure plane of unsaturated soil were calculated from the maximum shear stress (τmax) as shown in Eq. (2) and Eq. (3) The test results of unsaturated sample and an unsaturated parameters (the cohesion intercepted, c" and a φ b ) were present in Table 4 and Table 5 , respectively. The plot between drained shear strength and matric suction was illustrated in Fig.9 . Fig. 9 showed that the drained shear strength of this study was investigated at saturated, transition and residual regime. In addition, Fig.9 presented a non-linear relationship between cohesion intercept and matric suction. However, the relationship between cohesion intercept and matric suction at the saturated and transition regime showed the linear relationship as presented in figure 10 . Table 5 showed that φ b was slightly lower than φ ′ . Moreover, φ b was constant at 30.5 degrees for the matric suction range between 0 and 180 (φ b was constant before residual regime). Then a φ b angle value was dropped from 30.5 to 28 (φ b was decreased after the transition regime) when matric suction was higher than 180 kPa as illustrated in Fig.11 .
The relationship between the total volumetric strain and axial strain showed the dilation behavior of both saturated and unsaturated series as illustrated in Fig.12 and Fig.13 , respectively. The dilation behavior is the characteristic of dense soil.
The relationship between the water volume change and axial strain of unsaturated sample as present in Fig.14 showed that water was suction into a specimen. (2) ( ) Fig. 9 The relationship between cohesion intercept and matric suction Fig. 10 The relationship between cohesion intercept and matric suction at saturated and transition regime Fig. 11 The relationship between φ b and matric suction Fig. 12 The relationship between the total volumetric strain and axial strain of saturated sample Fig.13 The relationship between the total volumetric strain and axial strain of unsaturated sample Fig.14 The relationship between the water volume change and axial strain of unsaturated sample
CONCLUSIONS
The soil sample in this study was Khon Kaen loess, which was classified as silty sand. This study found that the SWCC of compacted Khon Kaen loess was a bimodal curve. The cause of bimodal curve might be the specimen was compacted at the dry side. The first and second air entry value is 8 and 5,000 kPa, respectively. Moreover the first and second residual volumetric moisture content is 10 and 2 %, respectively. The stress-strain behavior of compacted Khon Kaen loess for both saturated and unsaturated series showed a strain hardening. In addition the relationship between the volumetric strain and axial strain of both saturated and unsaturated series showed the dilation behavior. 
Residual Regime
Transitionl Regime kPa, respectively. The unsaturated drained shear strength was determined by assumed a constant friction angle (φ′). φ b was constant before residual regime. After the transition regime, φ b was decreased.
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